The study of AKAP95 and Cx43 protein co-regulating cell G1/S phase transition by 原阳阳
 学校编码：10384                                            密级       










The study of AKAP95 and Cx43 protein co-regulating cell 
G1/S phase transition 
 
原阳阳 
指导教师姓名： 张永兴 教授 
专 业 名 称： 劳动卫生与环境卫生学  
论文提交日期： 2016年 05月 
论文答辩日期： 2016年 05月 
 
                 答辩委员会主席：      















































































































































AKAP95 和 Cyclin D3、Akt 蛋白表达与临床病理学指标的关系及 3 种蛋白之间的
关联性分析、直肠癌组织中 AKAP95、Cyclin D1、Cyclin E1 和 Cx43 蛋白的关联
性分析。通过检测 51 例肺癌组织和 15 例癌旁组织中细胞周期蛋白 D3(Cyclin 
D3)、蛋白激酶 A 锚定蛋白 95(AKAP95)和丝/苏氨酸激酶(serine/threonine kinase, 
Akt, 亦称蛋白激酶 B, PKB)的表达发现，AKAP95、Cyclin D3 和 Akt 蛋白在肺癌
组织中呈高表达，均高于癌旁组织，提示三者在肺癌发生发展中发挥作用；Cyclin 
D3 蛋白的表达与肺癌组织的有无淋巴结转移、组织学类型和分化程度均无关，
Akt 蛋白表达与肺癌组织的分化程度有关；AKAP95 蛋白和 Cyclin D3 蛋白表达，
以及 AKAP95 蛋白和 Akt 蛋白表达呈关联性；Cyclin D3 与 Akt 蛋白表达之间在
肺癌组织中未见关联性。同样采用免疫组化方法检测 50 例直肠癌组织和 16 例癌
旁组织中 AKAP95、细胞周期蛋白 E1(Cyclin E1)、细胞周期蛋白 D1(Cyclin D1)
以及间隙连接蛋白 43(Connexin43, Cx43)的表达发现，AKAP95、Cyclin E1 和
Cyclin D1 蛋白在直肠癌组织与癌旁组织相比均呈高表达，提示三者可能与直肠
癌发生发展有关；AKAP95 和 Cyclin E1 蛋白、Cyclin E1 和 Cyclin D1 蛋白、Cyclin 
E1 和 Cx43 蛋白，以及 Cyclin D1 和 Cx43 蛋白之间在直肠癌的发生、发展中可




pcDNA6.2-GW/EmGFP-miR-RNAi-Cx43 、 pcDNA3.1(+)-Cx43 、
pcDNA3.1(+)-AKAP95、pcDNA6.2-GW/EmGFP-miR-RNAi-AKAP95 质粒分别转
染到肺腺癌 A549 细胞中，Western Blot 实验检测相关蛋白的表达，以及分析与
Cx43、AKAP95 的关系。结果显示：1.AKAP95 蛋白表达升高时 Cyclin E1 和 Cyclin 
D1 蛋白表达上升，CDK4 表达降低，CDK2 表达略微降低，并能抑制 Cyclin D1
蛋白位点 Thr286 的磷酸化，却能提高 CDK2 活性，提示 AKAP95 蛋白能抑制















高 CDK2 活性，从 G1 期早期开始到 G1/S 期发挥促进细胞周期进程的作用；Cx43
蛋白表达升高时 Cyclin D1 和 Cyclin E1 蛋白表达下降，CDK4、CDK2 表达提高，
并能促进 Cyclin D1 蛋白位点 Thr286 的磷酸化，而 CDK2 活性受到抑制，提示
Cx43 蛋白能促进 Cyclin D1 蛋白的降解，并可以通过降低 Cyclin D1 和 Cyclin E1
蛋白以及抑制 CDK2 活性，从 G1 期早期开始到 G1/S 期发挥抑制细胞周期进程
的作用。2.AKAP95 蛋白能促进 Rb 蛋白的表达，并可以促进位点 Ser780 和 Ser795
的磷酸化，对位点 Ser567 的磷酸化未见影响；Cx43 蛋白能抑制 Rb 蛋白的表达，
并可以抑制位点 Ser780、Ser795 和 Ser567 的磷酸化。提示 AKAP95 蛋白能促进
Rb 蛋白表达，并能促进 Rb 蛋白早期 Ser795 和中期 Ser780 位点的磷酸化，但并
不能通过磷酸化 Ser567 位点的来促进 Rb 蛋白的完全活化；Cx43 蛋白能抑制 Rb
蛋白表达，并能抑制 Ser795、Ser780 和 Ser567 位点的磷酸化，在整个 Rb 蛋白
磷酸化过程中均起到抑制作用。3.除了对 Rb 蛋白 Ser567 位点的磷酸化作用不同，
AKAP95 和 Cx43 蛋白对上述蛋白呈现相反作用，并且 AKAP95 和 Cx43 质粒共
转染实验结果证明共转染时AKAP95和Cx43蛋白对上述蛋白的作用是单独转染
作用的叠加，而细胞 G1 期到有丝分裂中期 AKAP95 和 Cx43 蛋白处于结合状态，
提示 AKAP95 和 Cx43 蛋白通过 AKAP95-Cx43 复合物的作用共同调节细胞周期
进程。4.AKAP95 蛋白能抑制 Akt 蛋白表达，并能通过抑制 Akt 位点 Ser473 的磷
酸化来抑制 Akt 蛋白的完全活化；而 Cx43 蛋白能促进 Akt 蛋白表达，并能促进
位点 Ser473 磷酸化，进而促进 Akt 蛋白的完全活化。结合之前的研究 Akt 能促
进 Cx43 蛋白的磷酸化而抑制 Cx43 蛋白活性、提高细胞进程，以及 G1 末期到有
丝分裂中期 AKAP95 蛋白能结合 Cx43 蛋白，提示 Cx43 蛋白促进 Akt 蛋白表达
和完全活化后，Akt 蛋白可能会反过来促进 Cx43 蛋白的磷酸化，减弱 Cx43 蛋
白发挥抑制细胞进程的作用，而 AKAP95 蛋白可能是通过复合物 AKAP95-Cx43
抑制 Akt 蛋白的表达和活化，同样提示 AKAP95 和 Cx43 作为相互制约的蛋白
共同调节 Akt 蛋白表达和活性。  
















There are two parts in this study, In the first part we use the 
immunohistochemistry assay to detect the correlation between expression of AKAP95, 
Cyclin D3, and Akt proteins and pathological indicators in lung cancer tissues and the 
synergistic effects of AKAP95, Cyclin D1, Cyclin E1, and Cx43 in the development 
of rectal cancer. The experiment results show that,the expression of the AKAP95, Akt 
and Cyclin D3 proteins in 51 lung cancer tissue samples were highly expressed than 
the 15 pericarcinoma tissue samples. It was suggested that Cyclin D3 and Akt played 
roles in the initiation and progression of lung cancer. Cyclin D3 expression was not 
correlated with grade of differentiation, histologic type or lymph node metastasis 
while Akt expression was correlated with grade of cancer tissue differentiation. In 
lung cancer tissues, AKAP95 expression was significantly correlated to Cyclin D3 
and Akt expression, while we didn’t find there was correlation between Cyclin D3 and 
Akt expression. AKAP95, Cyclin D1, Cyclin E1, and Cx43 protein expression rates 
were evaluated by immunohistochemistry in 50 rectal cancer specimens and 16 
pericarcinoma tissues. The experiment results show that, the expression rates of 
AKAP95, Cyclin E1 and Cyclin D1 protein were significantly higher in rectal cancer 
tissues compared with pericarcinoma samples, suggesting an association between 
these proteins and the development and progression of rectal cancer. In addition, the 
significant correlations between the proteins (AKAP95 and Cyclin E1, Cyclin E1 and 
Cyclin D1, Cyclin E1 and Cx43 protein, and Cyclin D1 and Cx43) indicate the 
possible synergistic effects of these 4 proteins in the development and progression of 
rectal cancer.  
The second part is the experiment of cell biology, using lung cancer cells A549 
as the research object, transfer the pcDNA6.2-GW/EmGFP-miR-RNAi-Cx43, 
pcDNA6.2-GW/EmGFP-miR-RNAi-AKAP95, pcDNA3.1(+)-Cx43 and 















western blot assay to test the related proteins expression, and we analysis the 
relationship between the proteins and Cx43 or AKAP95.The results show that the 
AKAP95 protein could increase Cyclin E1 and Cyclin D1 expression, decrease CDK4, 
reduce CDK2 expression slightly, inhibit the phosphorylation of Cyclin D1 protein 
site Thr286, but could improve the CDK2 activity. It suggested that AKAP95 could 
inhibit the degradation of Cyclin D1, and could promote the cell cycle progression 
from the early stage of G1 stage to G1/S stage by enhancing the expression of Cyclin 
D1 and Cyclin E1, and enhancing CDK2 protein activity. Cx43 protein could decrease 
Cyclin E1 and Cyclin D1 expression, increase CDK4 and CDK2 expression, increase 
the phosphorylation of Cyclin D1 protein site Thr286, but could inhibit the CDK2 
activity. It suggested that Cx43 could increase the degradation of Cyclin D1, and 
could inhibit the cell cycle progression from the early stage of G1 stage to G1/S stage 
by decreasing the expression of Cyclin D1 and Cyclin E1, and decrease CDK2 protein 
activity. AKAP95 could promote the Rb protein expression, increase the 
phosphorylation of Rb protein site Ser795 and Ser780, but had no effect of site Ser567, 
It suggested that AKAP95 could increase the phosphorylation of Rb protein in the 
begin and middle of G1 stage, but could not phosphorylation the RB to fully activated. 
Cx43 protein could inhibit Rb protein expression, and can inhibit the Ser795, Ser780 
and Ser567 phosphorylation. It suggested that Cx43 could the phosphorylation of Rb 
protein in G1 stage, but could inhibit phosphorylation the RB to fully activated. Apart 
from the difference in phosphorylation of Rb protein Ser567 sites, AKAP95 and Cx43 
protein had the opposite effect to the proteins above, and co-transfection effect of 
AKAP95 and Cx43 protein of the protein is superposition of single transfection effect. 
AKAP95 and Cx43 protein in a binding state from G1 phase to mitosis metaphase. It 
suggested that AKAP95 and Cx43 protein maybe through AKAP95-Cx43 complexes 
of the role involved in the regulation of cell cycle progression. AKAP95 protein can 
inhibit the expression of Akt protein, and can completely inhibit Akt protein activation 
through inhibition of Akt phosphorylation sites of Ser473. Cx43 protein can promote 
the expression of Akt protein, and can promote Ser473 phosphorylation and promote 















promote the Cx43 protein phosphorylation to inhibition of Cx43 activity, and improve 
cellular processes. From G1 late to mitotic metaphase, AKAP95 protein could bind to 
Cx43 protein. It suggested that Cx43 protein can promote the expression of Akt 
protein and the Akt protein fully activated, and the Akt in turn to promote the 
phosphorylation of Cx43 protein to inhibit of cell processes. AKAP95 may be through 
complex AKAP95-Cx43 to inhibit the expression of Akt protein and activation, also 
suggested that AKAP95 and Cx43 as the interaction of the protein regulated the 
expression and activity of Akt. 
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